Abstract: A novel coherent optical receiver is proposed and experimentally demonstrated by using a feedback technique capable of reducing the nonlinear distortion in a traditional receiver while retaining the signal to noise ratio. Up to 15 dB of SFDR improvement is obtained. 
frequencies are limited by the delays due to the fiber patch cords of the optical components. An external-cavity tunable laser is used as the CW laser source at 1560 nm whose output is amplified by a high-power EDFA. The interferometer-based optical link is constructed with polarization maintaining fibers and components for better stability. The power ratio between the two branches can be adjusted by a polarization controller through polarization dependent splitting of the polarization beam splitter (PBS). The transmitter is composed of two optical phase modulators, PM1 and PM2, used to apply phase modulations at different frequencies. This arrangement decouples the driving electronics at respective tones. The V π of the phase modulators is around 4.4 V.
On the other arm of the interferometer are the two phase modulators on the receiver side. PM3 is used to compensate environmentally induced slow phase drifts between the two branches and stabilizes the interferometer to the quadrature point. Up to 6π rad of differential phase drift can be compensated. PM4 is the local phase modulator used to apply the feedback signal for compensating the phase difference. The voltage gain is adjustable with a 3-dB bandwidth of 1.1 MHz, set by a first-order RC filter. The two interferometer branches are connected to a polarization maintaining coupler and eventually to a balanced photodetector, as in a traditional phase demodulator.
First, a one-tone measurement is conducted at 160 kHz to demonstrate the successful operation of phase-tracking. The optical power in each interferometer branch before the coupler is 10 mW. The transmitter modulation depth is π rad. As shown in Fig. 2(a) , with the loop amplifiers turned off, which corresponds to a traditional phase demodulator, the balanced photodetector output is distorted due to the nonlinear response. However, when the loop amplifiers are turned on, Fig. 2(c) shows that the voltage swing as well as distortion of the balanced photodetector output is reduced. The loop amplifier output that drives PM4 (Fig. 2(d) ) is an amplified replica of the balanced photodetector output. Fig. 2(e) shows that when the loop transmission, T, which represents the closed-loop phase gain, is increased, the balanced photodetector output reduces. This would in turn lead to better linearity. Excellent matching with the time-domain numerical simulation [4] is obtained.
More detailed linearity measurements can be obtained by two-tone (160 kHz and 180 kHz) measurements. The (third-order) intermodulation is measured at 140 kHz. The signals are measured after an amplifier with a DC voltage gain of 11.2 and a 3-dB bandwidth of 1.1 MHz. Fig. 3(a) shows the results without using the feedback technique (i.e. a traditional phase demodulator). Due to the nonlinear response of the receiver, the output power of the fundamental tone starts to saturate at 17 dBm of output power. The noise level is measured to be -111.9 dBm/Hz with no input signal to PM1 and PM2 but everything else remains active. The SFDR can thus be obtained as 88.6 dB Hz 2/3 .
Next, the feedback loop is closed by sending the demodulated signal to PM4. The amplifier voltage gain is adjusted to 23.9 which results in a loop transmission of 6.5. From Fig. 3(b) , it is clear that no saturation in the output power of the fundamental tone is observed because of the reduced phase difference due to feedback. Therefore, the intermodulation level is reduced as a result of the reduced swing at the phase demodulator. The resulting SFDR is 103.5 dB Hz 2/3 , corresponding to an improvement of 14.9 dB over the traditional receiver. 
